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6
Chukchi margin (~750 km away) where Holocene visible tephra layers have been described, are Tables S4 and S5 ).
204
Conditions for the electron microprobe analyses and data on reproducibility of reference 205 materials can be found in the Electronic supplement Table S6 . More details of the analytical 206 conditions and data reduction can be found in the electronic supplement to Ponomareva et al. 207 (2017).
209
Laser ablation inductively-coupled plasma mass-spectrometry (LA-ICP-MS) analysis
210
One of the EMPA-investigated samples was additionally analyzed by single-shard LA-ICP-MS 211 for trace elements in glasses. The analyses were performed using a 193-nm ArF excimer laser 212 system (GeoLas Pro, Coherent) with a large volume ablation cell (ETH Zurich, Switzerland) 213 coupled with a quadrupole-based ICP-MS (Agilent 7500s) at the Institute of Geosciences, Kiel 214 University, Germany). Analyses were performed with 24 µm spots, 5 Hz pulse frequency, and 10 215 M A N U S C R I P T
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9 estimated as ThO+/Th+, was <0.3%. Analyses were performed in time-resolved mode and 218 included 20 s background measurement followed by 20 s sample ablation and signal 219 measurement. Dwell time was 10 ms for all elements. One isotope per element was measured.
220
The duration of one full mass scan was 0.65 sec. Raw data reduction was performed in Glitter 221 software (Van Achtenbergh et al., 2001 ) and included subtraction of background from sample 222 signal and selection of time intervals for signal integration, which varied from 3 to 10 s 223 depending on glass shard size and also aimed to avoid occasional contamination of crystal 224 phases. Averaged and 43 Ca normalized ion intensities were converted to weight concentrations 225 by using a conventional approach (Longerich et al., 1996) , utilizing a sensitivity factor 226 determined on reference material (ATHO-G in this study) and CaO measured by EMPA in the 227 same glass shards or in compositionally similar glasses (rhyodacitic glasses only with average Table S7 .
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10 with values exceeding 80,000 shards between 154 and 164 cm (Fig. 2a) . A similar profile with 244 glass shard concentrations of up to 140 shards within the same depth interval and background 245 values of ≤10 shards is observed in the >80 µm fraction. The overlapping parts of the TC and
246
JPC both show an increase in glass abundances, although the depth of the peaks does not match 247 exactly. The TC glass bulge continues to the bottom of this core, while the JPC peak ends 248 abruptly at 174 cm (composite depth).
249
Detailed 2-cm samples demonstrate a complex structure of the glass peaks with irregular 250 glass-rich and glass-poor samples (Fig. 2a) . In JPC the major peak in glass contents in both 25-251 80 and >80 µm fractions is observed around ~146-166 cm, with a maximum at 162-166 cm. In 252 the >80 µm fraction this peak is rather narrow with the maximum concentration of glass 253 occurring in three consecutive samples (between 158 and 164 cm) with a short (<10 cm) 254 downward tail and a long (~40 cm) upward tail of lower but above-background glass 255 concentrations (Fig. 2a) . In the 25-80 µm fraction, the pattern is quite similar with the exception 256 of one more sharp peak above the background value at ~138 cm. The bottom of the TC record 257 exhibits a more complex pattern with multiple peaks and a major peak in both fractions at 174-258 176 cm. The pattern of glass shard concentrations in the peak zone suggests that the estimated 259 JPC to TC offset may not be consistent downcore, as the actual position of the tephra peak in the 260 JPC is ~12 cm lower in the composite depth scale (Fig. 2a) . 
Electron microprobe analysis
264
Microprobe analysis was performed on 25-80 µm glass shards from two 10 cm-samples and 265 twenty three 2 cm-samples (Fig. 2) , with a total of 610 individual analyses obtained; an average 266 of 24 analyses per sample (Electronic Supplement Table S4 ). Analyzed samples cover both glass 267 concentration peaks and the low concentration background signal.
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The majority of the HLY0501-01 glass shards form a wide trend in the medium-to high-K 269 field extending from andesite (~56% SiO 2 ) to rhyolite (~80% SiO 2 ) (Fig. 3 ). In addition, there is 270 a small but distinct population of low-to medium-K rhyolitic glasses and a scatter in the high-K 271 rhyolitic field. No low-K glass populations were observed. All the glasses fit into both the 272 Kurile-Kamchatka and Alaskan fields for all analyzed elements (Fig. 3 , E Supplement Table S4 ).
273
Tephras from these volcanic arcs are widely known in the North Pacific-Arctic region (e.g., Elias , 1999; Ponomareva et al., 2013a; van den Bogaard et al., 2014; Davies et al., 2016 the Alaskan field has allowed us to attribute most glasses to known Alaskan eruptions (Fig. 4) .
278
Most glasses within the medium-to high-K trend are compositionally close to those from 279 the ~3.6 ka Aniakchak II caldera-forming eruption (Alaska) (Fig. 1) (Kaufman et al., 2012; 280 Davies et al., 2016) . These glasses form a narrow trend between 55.89% and 71.5% SiO 2 , which 281 in some samples splits into separate andesite (~55.9-61% SiO 2 ) and dacite-rhyolite (~70-71.5% contents. Aniakchak II shards are composed of clear glass with very rare crystals (Fig. 6 ).
288
The high-Si part of the medium-to-high-K trend combines glasses compositionally close to found by Riehle et al. (1999) , however, most of their glasses have CaO contents higher than in 295 HLY0501-01 (Fig. 4c) . Some glasses in the high-Si part of the medium-to-high-K trend are close 296 to the White River ash (WRA in Fig. 4a-h ; Jensen et al., 2014; Davies et al., 2016) , but lack the 297 distinct higher Cl contents of the latter (Fig. 4i) SiO 2 from ~55% in andesitic glasses to ~70% in rhyodacitic glasses. Sr and Ti exhibit an inverse 306 correlation with SiO 2 and decrease by ~2.5-3 times from andesitic to rhyodacitic compositions.
307
Eu concentration remains nearly constant in all glasses.
308
The patterns of trace elements normalized to primitive mantle are shown in Fig. 7a , where explained by their strong selective partitioning into magnetite, ilmenite (Ti) and plagioclase (Sr, 321 Eu).
322
As illustrated in Fig. 7b and c, the average trace element compositions of andesitic and 323 rhyodacitic glasses are very similar to the whole rock compositions of crystal-poor andesites and 324 rhyodacites from the 3.6 ka Aniakchak II caldera-forming eruption (e.g., Dreher et al., 2005) .
325
The rhyodacitic glasses also have a nearly indistinguishable composition with the clear glass 326 separate from the Aniakchak II pumice, which was used as a reference to identify glass shards 327 from this eruption in the Greenland ice cores (Pearce et al., 2004) . Table S5 ).
342
The proportion of non-Aniakchak II shards is mostly below 20% within the major glass 343 concentration zone and increases up to ~50% above it (Fig. 2b , Electronic Supplement Table   344 S5). The set of compositions of non-Aniakchak II shards remains broadly similar along the core, distances of >4500 km from the source (Fig. 1) . The eruption produced widespread pumice fall 367 and an extensive ignimbrite sheet (Bacon et al., 2014) . Pyroclastic density currents of the 368 eruption entered the Bering Sea and likely generated a tsunami (Waythomas and Neal, 1998) .
369
The minimum total volume of bulk material from the Aniakchak II eruption was estimated at 370 >50 km 3 , based on considerations of the caldera area, the thickness and distribution of the 371 associated ignimbrite, and comparison with other calderas (Miller and Smith, 1987) .
The initial pumice fall had a rhyodacitic bulk composition, while the composition of 373 subsequent ignimbrites varied from rhyodacite to andesite (Bacon et al., 2014) . Kaufman et al.
374
(2012) reported both rhyolitic and andesitic glasses in visible tephra layers in Alaska, which
375
suggests that the co-ignimbrite ash could have played some role in the distal tephra fall. Based 376 on the distribution of visible Aniakchak tephra in terrestrial sections from Alaska and in the
377
Bering Sea core ( Fig. 1) , the ashfall axis was directed northwestwards. 
389
We identify the initial rhyolitic Aniakchak II pumice fall, with the newly refined age of suggests that they could also be primary ashfall deposits.
422
The Aniakchak II proximal pyroclastic package as well as the corresponding sequence at 423 the Bering Sea coast, both include several units (Riehle et al., 1999; Bacon et al., 2014) . As M A N U S C R I P T
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revegetation of the pyroclastic sheet and subsequent soil formation on its surface may take 425 hundreds of years (e.g., Grishin and del Moral, 1996) contains both rhyolitic and andesitic Aniakchak glasses (Fig. 2) .
432
In addition to the major and minor peaks discussed above, background glasses of distinctly likely sourced from the Emmons Lake caldera (Preece et al., 2011; Davies et al., 2016) . Because 449 these glasses do not form distinct concentration peaks, but are present at background levels along M A N U S C R I P T
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the entire record, we infer that they were redeposited by sediment transport via the Alaska
451
Coastal Current, as discussed above for the Aniakchak II glasses in the upper part of the core. alternatively be related to unidentified tephra from the Alaska-Aleutian arc.
463
We did not find any other Kamchatkan tephras, which could be expected in the Chukchi
464
Sea based on their common dispersal axes (Fig. 1) (Fig. 6 ). In addition, the spot size applied in the present study LA-ICP-MS data (see Methods), and the data were excluded from further consideration.
511
Comparisons of this nature are not possible for the Aberystwyth LA-ICP-MS data as 512 concentrations for major elements (e.g. Ti, Ca) are not reported.
513
The 3.6 ka Aniakchak andesitic and rhyodacitic tephras contain less than 5% of crystals in reaching greater than 100,000s of shards within the peak of the Aniakchak II glasses (Fig. 2) .
Application of tephrostratigraphy to Arctic Ocean sediments
544
This pattern attests to the high explosivity of the North Pacific volcanic arcs and to a significant 545 input of volcanic material into marine sediments of the Pacific sector of the Arctic.
546
The high glass concentrations in the investigated cores are promising for developing a 547 tephrochronological framework for sediments in the Chukchi-Alaskan region. However, as 
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22
Volcanic glasses deemed as redeposited in HLY0501-01 have a mostly mixed composition 554 ( Fig. 2b and c) , which is expected for a long-distance drift averaging over a number of tephra 555 exposures. In contrast, the identification of only rhyolitic Aniakchak II glasses in core 556 SWERUS-L2-2-PC1 from the western Chukchi Sea ( Fig. 1 
589
The Aniakchak II tephra is one of the major Holocene tephra markers for the Alaska found on the Chukotka Peninsula, the northeastern extremity of Asia (Fig. 1) . The wide areal 594 distribution of the Aniakchak II cryptotephra (Fig. 1, inset) cluster when constructing isopachs to avoid overestimation of thickness due to tephra 604 redeposition. Furthermore, we exclude the Zagoskin Lake site with a 20-cm thick tephra from M A N U S C R I P T
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24 the 15 cm isopach as it is possibly redeposited by lake sedimentation. 
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25 pattern suggests that most of the glasses were redeposited, most likely brought to the eastern rutile, REE in apatite).
648
We note some discrepancies exist between our and previously published LA-ICP-MS data 649 sets on Aniakchak glasses. To facilitate a correct comparison of different sets of data, we point to 650 the necessity of using common reference materials and also reporting data for at least some Coulter, S.E., Turney, C.S., Kershaw, P., Rule, S., 2009. Coulter, S.E., Pilcher, J.R., Plunkett, G., Baillie, M., Hall, V.A., Steffensen, J.P., et al., 2012.
712
Holocene tephras highlight complexity of volcanic signals in Greenland ice cores, J.
713
Geophys. Res., Atmospheres, 117, D21303, doi:10.1029/2012JD017698.
714
Danielson, S.L., Weingartner, T.J., Hedstrom, K.S., Aargaard, K., Woodgate, R., Curchister, E., Zdanowicz, C., Fisher, D., Bourgeois, J., Demuth, M., Zheng, J., Mayewski, P., Kreutz, K., -Kurile Lake caldera, ~8.4 ka (Ponomareva et al., 2004) ; Rauchua -supposedly Karymsky 901 volcanic center, ~177 ka (Ponomareva et al., 2013) M A N U S C R I P T
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http://psc.apl.washington.edu/HLD/Chukchi/Chukchi.html). Inset shows Aniakchak II (red 910 circles), and KS 1 and KS 2 (yellow circles) cryptotephra sites (Pearce et al., 2004; Pyne-911 O'Donnell et al., 2012, pers. comm; Coulter et al., 2012; Zdanowicz et al., 2014; Mackay et 912 al., 2016 , van der Bilt et al., 2017 . 
